Objectives. There have been no reported studies of the association between parity and cartilage in young individuals. The aim of this study was to describe the association between parity, cartilage volume and cartilage defects in women aged 3141 years.
Introduction
OA is the most common joint disorder and the leading cause of pain, loss of function and disability in Australia [1] . Females are at higher risk of OA, with higher prevalence and incidence and a higher rate of loss of cartilage volume than males [25] . Although the mechanism underlying the gender differences is not fully understood, studies suggest some reasons for this may include less cartilage development during childhood, a higher rate of cartilage loss after menopause and greater worsening of cartilage defects over time [6] . Receptors of sex hormones, including oestrogen and progesterone, have been found in human cartilage [7, 8] , indicating that cartilage can respond to sex hormones. However, findings on the effects of sex hormones on OA are still inconclusive [7, 9, 10] , which is most likely due to variations in study characteristics, definitions of OA and sites of the disease. In addition, BMI seems to be more strongly associated with both cartilage defects and tibial bone area in women [6] , suggesting they are more susceptible to a raised BMI. Reproductive factors, particularly parity, are associated with changes in sex hormones and frequently changes in body weight [11, 12] , and thus may result in the development and progression of OA in women. However, few studies have examined the associations between parity and OA [9, 10, 1318] .
Recently, we reported that there were no associations between parity, other reproductive factors and radiographic OA measured using X-ray in a population-based sample of older women [19] , but parity was significantly associated with knee cartilage volume and patella chondral defects measured using MRI, suggesting that MRI is more sensitive than radiographic assessment [20] . It is uncertain if these reflected long-term behaviour changes or were due to long-lasting effects of pregnancy itself, as there have been no studies that have investigated the associations between parity and cartilage measures in young women. The aim of this study was to describe the associations between parity, knee cartilage volume and cartilage defects in a sample of young women.
Materials and methods

Subjects
This study utilized data from the Childhood Determinants of Adult Health (CDAH) Knee Cartilage study, which is a follow-up study on a subsample of participants who completed the CDAH study in 20046. The CDAH study is a 20-year follow-up of children aged 715 years who participated in the Australian Schools Health and Fitness Survey in 1985. The CDAH Knee Cartilage study was carried out from April 2008 to December 2010 by mailing out invitation letters to CDAH participants (n = 764) residing in metropolitan Melbourne or Sydney, Australia. Women who agreed to participate were asked to complete a short computer-assisted telephone interview (CATI), and eligible participants were requested to have an MRI scan at either Epworth Hospital in Melbourne or North Shore Private Hospital in Sydney. Exclusion criteria for this study included being pregnant, having diseases that may affect knee cartilage, such as RA, and having contraindication for MRI, such as metal sutures (iron filings) in their knees or in other parts of their bodies. Women who had no MRI scan were further excluded from the analyses. Reasons for refusing MRI scan included the long distance needed to travel for MRI, work and family commitments, moving interstate and claustrophobia. This study was approved by the Southern Tasmania Health and Medical Human Research Ethics Committee, and all participants provided written informed consent.
Assessment of parity
Information on parity was available from a second follow-up survey of the CDAH cohort (CDAH-2) that collected data by postal or online questionnaire or telephone interview during 200911. The number of biological children and their date of birth were recorded, and births were counted only if these had occurred before knee MRI was performed. Parity was then defined based on the number of births (twins only counted as singular). Other reproductive factors were also assessed using a questionnaire, including age at menarche and current use of oral contraceptives (OCs). OC use was categorized as no current hormonal contraceptive use, current OC use and current progesterone-only contraceptive use.
MRI measurements
Each participant had an MRI scan of the dominant knee (defined as the lower limb from which the subject stepped off when initiating gait). Two hospitals were involved in the scans, but the same type of machine (General Electric Medical Systems, Milwaukee, WI, USA) was used. Knees were scanned in the sagittal plane on a whole body magnetic resonance unit, with use of a commercial transmitreceive extremity coil. The following image sequence was used: a T1-weighted fat saturation 3D spoiled gradient recall acquisition in the steady state, flip angle of 55 degrees, repetition time of 58 ms, echo time of 12 ms, field of view of 16 cm, 60 partitions, 512 Â 512 matrix, acquisition time of 11 min 56 s and 1 acquisition. Sagittal images were obtained at a partition thickness of 1.5 mm and an in-plane resolution of 0.31 Â 0.31 (512 Â 512 pixels).
A proton density-weighted fat saturation 2D fast spinecho sequence (repetition time of 3875 ms, echo time of 42 ms, slice thickness of 3 mm, interslice gap of 1 mm, field of view of 16 cm, 256 Â 256-pixel matrix) was used to further assess cartilage defects.
Individual plates of cartilage volume (medial tibial, lateral tibial and patella) were isolated from the total volume by manually drawing disarticulation contours around the cartilage boundaries on a section-by-section basis. These data were then resampled by means of bilinear and cubic interpolation (area of 312 mm and thickness of 1.5 mm, continuous sections) for the final 3D rendering. The coefficients of variation for cartilage volume measures were 2.12.6% [20] .
Seven subjects had MRI scans for cartilage volume and bone area performed at both hospitals, and data from these scans were used to correct all readings for bias. BlandAltman plots were used to examine differences between hospitals and determine the nature of any observed bias. Uniform biases were identified for medial and lateral tibial cartilage volume and were remedied by applying a difference correction based on the mean difference. Value-dependent bias (patella cartilage volume) was remedied by applying corrections using the slope and intercept from a fitted linear regression model. Patellartibial cartilage volume was calculated by summing cartilage volumes at three sites (patellar, medial tibial and lateral tibial) together.
Cartilage defects on a 04 scale were graded at the medial and lateral tibial, medial and lateral femoral and patella sites [21] , with a modification of a previous classification system [22] : grade 0 = normal cartilage, grade 1 = focal blistering and intracartilaginous low-signal intensity area with an intact surface and bottom, grade 2 = irregularity on the surface or bottom and loss of thickness of <50%, grade 3 = deep ulceration with loss of thickness >50% and grade 4 = full-thickness chondral wear with exposure of subchondral bone. A cartilage defect had to be present in at least two consecutive slices and was defined as a score 52 at any site measured at the knee (within that compartment). Intraobserver reliability expressed as intraclass correlation coefficient in our hands is 0.890.94, and interobserver reliability is 0.850.93 [23] .
The area of medial and lateral tibial plateau bone was measured manually on the three reformatted images closest to the tibial cartilage in the axial plane, which is transformed from the sagittal images, as describe in the previous studies [18, 19, 21] . An average of these three areas was used as an estimate of the tibial plateau bone area. The coefficients of variation for these measures were 2.22.6% [20] . One reader assessed cartilage measures and was blinded to the parity status of the women.
Assessment of covariates
Weight was measured to the nearest 0.1 kg using a single pair of electronic scales (Seca Delta, Model 707; Seca, Hamburg, Germany), with shoes, socks, and bulky clothing removed. Height was measured using the Leicester Height Measure (Invicta, Leicester, UK), with shoes removed. BMI was calculated based on the measured weight divided by height squared (kg/m 2 ).
Smoking (ever smoked or never smoked) and current employment status (full-time employment, part-time employment and not in workforce) were assessed using CATI. The highest education level achieved (school only, diploma/vocational training or university education) was assessed using the self-administered questionnaire (CDAH-2). Physical activity was assessed by CATI, using the short international physical activity questionnaire (IPAQ-short) [24] . The IPAQ-short considered three levels of physical activity, vigorous, moderate and walking, that participants had performed for at least 10 min in the past 7 days and recorded the frequency, duration and intensity of physical activity. Total physical activity was calculated as a score using the equation of metabolic equivalent task (MET, min/wk) based on the time spent on physical activities during the 7 days and the types of physical activities, including vigorous, moderate and walking, assessed from the IPAQ-short questionnaire [24] . A history of knee injury, defined as an injury requiring non-weight-bearing treatment for >24 hours, and knee surgery were also assessed by CATI.
Knee pain was assessed using the Western Ontario and McMaster University index [25] . Five categories of pain (walking on a flat surface, going up/down stairs, pain at night, sitting/lying and standing upright) were assessed separately with a 10-point scale from 0 (no pain) to 9 (most severe pain) for each category. The total pain score ranged from 0 to 45.
Statistical analysis
Unequal variance t-tests were used to assess differences between parous and nulliparous for continuous variables, whereas 2 or Fisher's exact tests were used for categorical variables. Descriptive characteristics were presented as means (standard deviation) or percentages. Univariable and multivariable linear regression analyses were used to examine the associations between parity and cartilage volume before and after adjustment for confounders. Log-binomial regression analyses were used to investigate the associations between parity and the prevalence of cartilage defects. Age, BMI, smoking, physical activity, knee injury and bone area were considered as confounders and were adjusted for in multivariable models. All statistical analyses were performed on intercooled Stata 10.1 for Windows (StataCorp, TX, USA).
Results
Among 764 CDAH participants approached, 529 (69%) agreed to participate in the follow-up study, and 422 completed CATIs. Of these, 296 participants had an MRI scan (144 women). In this study sample, the women were aged 3141 years with a mean age of 36 years and a BMI of 25 kg/m 2 . Sixty-one per cent of the participants had tertiary education, and more than half (58%) were parous, with parity ranging from 1 to 5. The prevalence of cartilage defects (grade 52) in this population was 13%, and only one woman had a history of knee surgery. There were no significant differences between women who were included in this study and those excluded because of the absence of the MRI scans in age, employment status, knee injury, knee pain score and physical activity (all P > 0.05), but study participants were less likely to have ever been smokers (28% vs 42%, P = 0.04).
Characteristics of the study participants are shown in Table 1 . Compared with the nulliparous women, parous women were older and slightly leaner and had a lower rate of knee injury. Parous women were also less likely to achieve higher levels of education or have full-time jobs compared with the nulliparous women. There were no significant differences between the parous and the nulliparous women in terms of BMI, age at menarche, current use of OCs, smoking status, knee pain score, cartilage volume, cartilage defects and bone area.
Parity was significantly associated with a higher risk of cartilage defects at the patella site after adjustment for age, BMI, smoking, physical activity, knee injury and bone area, and the risk of cartilage defects increased by 1.52% for each extra birth (Table 2) . Compared with nulliparous women, parous women also had an approximately two-fold greater risk of cartilage defects, but this association was not statistically significant (Table 2) . When examining parity as groups, there was an increased prevalence of patella cartilage defects most noticeable with three or more live births, suggesting a logarithmic association (Fig. 1) . These associations remained significant after adjustment for confounders (Table 2) . Further adjustment for highest education level and current employment status did not change the association between parity and cartilage defects (data not shown). There were no significant associations between parity and cartilage defects at the medial and lateral tibiofemoral compartments before and after adjustment for confounders ( Table 2) .
The association between parity and cartilage volume is shown in Table 3 . There were no significant associations between parity (as either a continuous or a categorical variable) and cartilage volume measured at the patellartibial or any specific individual site before and after adjustment for confounders.
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Discussion
Parity was associated with an increased prevalence of cartilage defects primarily at the patellar site in this sample of young women. The number of live births was also associated with increased risk of having patella cartilage defects, with three or more births having a significantly increased risk of prevalent cartilage defects. These results are consistent with our recent findings in older women, suggesting that parity may play a direct role in the development of OA. Data are presented as mean and standard deviation (S.D.), except where indicated. Unequal variance t-test was used to assess differences between parous and nulliparous for continuous characteristics, whereas 2 or Fisher's exact test was used for categorical variables. The presence of cartilage defects was defined as any score 52 at the compartments measured at the knee. The presence of cartilage defects was defined as any score 52 at the compartments measured at the knee.
a Adjustment for age, BMI, total physical activity, smoking, knee injury and tibial bone area. b Statistically significant result (at P < 0.05). The number of subjects with cartilage defects in each exposure level was 13 and 6 for parous and nulliparous and 3, 5 and 5 for number of live births (1, 2, 53, respectively).
Several studies have explored the associations between parity and clinical and/or radiographic OA or risk of joint replacement [9, 10, 1318] , but none of these studies were performed in a sample of young women. Of the six studies that were involved in knee and/or hip OA, five showed no association with radiographic or symptomatic knee and/or hip OA [1317] , and one study reported positive associations with the risk of knee and hip joint replacement for OA [9] . Different results may be due to variations in the characteristics of study participants, definitions of OA, site of disease being measured or the ability to adjust for confounders. It may also be due to lack of sensitivity of radiographic assessments. In our previous study [19] we found that parity was associated with cartilage measures assessed using MRI in older women, but was not associated with radiographic OA.
In contrast to our findings in older women [19] , parity was not associated with cartilage volume in this sample of young women. This may reflect the coexistence of cartilage swelling and cartilage loss induced by pregnancy in early years, and cartilage volume assessment using MRI is unable to differentiate these. It might also be explained by a smaller sample size in this study and insufficient power to detect similar reductions in cartilage volume. Cartilage defects are regarded as early markers of cartilage damage, which precede cartilage loss [6] . Thus, in a younger age group, parity may be associated with cartilage defects but not yet with loss of cartilage volume, which has been confirmed by the current study in older women.
There was a variation between sites with parity being associated with patellar but not tibial or femoral cartilage defects. This is largely unexplained. It may reflect site differences of the effect and/or initial cartilage damage site, as the prevalence of cartilage defects was higher in the patella site (13%) than the tibial (8%) or femoral (7%) sites in this sample.
The mechanism underlying the association between parity and cartilage defects is not clear. There are several explanations for the association, including increased joint load because of weight gain; increased levels of sex hormones such as oestrogen and progesterone; and changes in lifestyle behaviour, including increased household chores or a reduction in recreational physical activity during the period of pregnancy and breastfeeding. Pregnant women in the third trimester produce larger knee moment during sit-to-stand transition from lower chair height [26] , and increased load on the knee joint, particularly after three or more births, may produce unwanted effects on knee cartilage.
Increased sex hormone levels during pregnancy would have a protective effect on cartilage [27] . However, we found the opposite effect, suggesting increased sex hormones may not be responsible for the adverse effects of parity on cartilage. Levels of relaxin increase during pregnancy, leading to pelvic and more widespread joint laxity, which may be a potential explanatory mechanism [28] . High parity may be associated with lower socio-economic status and more physical work, and thus increased cartilage damage. However, the highest education level achieved and current occupation status were not associated with either cartilage volume or cartilage defects, and further adjustment for these factors do not change the associations between parity and cartilage defects, suggesting that socio-economic status and physical work do not explain the association between parity and cartilage defects. Furthermore, the presence of knee injury was lower in parous than nulliparous women, and 
FIG. 1 Prevalence of cartilage defects by parity.
The presence of cartilage defects was defined as any score 52 in the compartments measured at the knee. For patella site: unadjusted P trend = 0.08, P = 0.03 (3+ vs 0).
www.rheumatology.oxfordjournals.org adjustment for knee injury did not change the results, suggesting that trauma was not an explanation. This study has some potential limitations. Study factors were assessed using questionnaires, which may introduce some error, resulting in non-differential misclassification. However, recall of biological children using CATI would be expected to be accurate [29] . Although this study is cross-sectional in nature, there was a temporal and dose-dependent association between parity and cartilage defects, suggesting a biologically plausible association. Finally, we assessed cartilage defects using the T1-weighted fat saturation 3D spoiled gradient recall sequence, which may be less sensitive than T2-weighted sequences, but this method has been reproducible and valid, and has been shown to predict clinically important outcomes including pain, radiographic OA, cartilage volume loss, cartilage breakdown markers, bone marrow lesions and knee replacement surgery [30] . A finding based on a less sensitive imaging method does not mean that this result is invalid, but that if a more sensitive imaging method were used, a smaller study population would have been required to show the same effect [31] . In this study, the prevalence of cartilage defects (grade 5 2, 13%) assessed by proton density-weighted fast spin-echo sequence remained unchanged.
In conclusion, parity was associated with knee cartilage defects primarily at the patellar site in this sample of young women. This association was apparent for women having three or more births, suggesting a possible adverse effect of higher parity on knee cartilage.
Rheumatology key message
. Parity is associated with a higher prevalence of cartilage defects at the patella site in young women.
